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@ Method for increased resolution in tandem mass spectrometry. 



(57) A method is provided of increasing the resol- 
ution in a tandem mass spectrometer having a 
first quadrupole Q1 to select a parent ion, a 
second quadrupole Q2 which contains a target 
gas and forms a collision cell, and a third or 
analyzing quadrupole Q3 which generates a 
mass spectrum from daughter ions from Q2. in 
the method, the target thickness of the target 
gas in Q2 is held at least at 1.32 x 10^^ cm" 2 
preferably at least 3.30 x 10^^ cm^, and the DC 
offset voltage between Q2 and Q3 is kept low or 
zero. This greatly improves the resolution avail- 
able in Q3. Q3 is therefore operated with at least 
unit resolution, and in some cases with resol- 
ution of 1/2 or 1/3 amu, making it possible to 
resolve isotopes of singly, doubly or triply 
charged daughter ions. 
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This invention relates to mass spectrometry, In 
which parent ions are generated and then fragmented 
by collisions to produce daughter ions. The daughter 
ions are then analyzed. 

It is common in mass spectrometry to use at least 
two mass spectrometers in series separated by a col- 
lision cell. In a triple quadrupole system the first mass 
spectrometer is a quadrupole operated in a mass re- 
solving mode; the collision cell contains a quadrupole 
operated in the total ion mode, and the second mass 
spectrometer Is a quadrupole operated in a mass re- 
solving mode. These are commonly referred to as Q1 , 
Q2 and Q3 respectively, and the process is often 
called MS/MS, In this process, ions are directed into 
the first mass spectrometer Q1, which selects a par- 
ent ion or ions of interest (i.e. a parent ion or ions hav- 
ing a given mass to charge (m/z) ratio). The selected 
parent ions are then directed Into the collision cell Q2, 
which is commonly pressurized with gas. In the colli- 
sion cell Q2 the parent ions are fragmented by colli- 
sion induced dissociation, to produce a number of 
daughter ions. Alternatively, the parent ions may un- 
d rgo reactions in the collision gas to form adducts or 
other reaction products. The term "daughter ion" is in- 
tended to mean any of the ion products of the colli- 
sions between the parent ions and the gas molecules 
in the collision cell. 

The daughter tons (and remaining parent ions) 
from the collision cell Q2 then travel into the second 
mass spectrometer Q3, which is scanned to produce 
a mass spectrum, usually of the daughter ions. 

As is well known, in scanning the second mass 
spectrometer Q3, the process is as follows. Q3 is first 
set to allow ions in a particular m/z range to pass 
therethrough by adjusting the magnitude and ratio of 
the RF to DC voltages applied to the rods of Q3. (RF 
means radio frequency AC.) After a short time (e.g. 5 
milliseconds), called the dwell time, the magnitude of 
these voltages is changed to a new setting which al- 
lows ions in a different (normally higher) m/z range to 
pass through Q3. Typically ten such settings may be 
used per atomic mass unit (amu). Thus, for example, 
the scan may take 50 milliseconds per amu or 50 sec- 
onds for a mass spectrum spanning 1,000 amu. 

As is also well known, the resolution during the 
scan can be adjusted by setting the point at which the 
third mass spectrometer Q3 operates on its charac- 
teristic stability diagram (by setting the ratio of the RF 
and DC voltages on its rods). With a lower DC to RF 
ratio, the m/z range allowed to pass through Q3 at 
each setting Is larger, resulting in a greater detected 
signal (i.e. higher sensitivity). Howev r the resolution 
is usually lower, i.e. it may not be possible to distin- 
guish between ions of closely adjacent mass to 
charge ratio. Conversely, if Q3 is set for a higher DC 
to RF ratio, meaning that only ions in a smaller m/z 
range can pass through Q3 at each setting, then while 
the resolution may be better, the detected signal or 



sensitivity is reduced. The smaller detected signal 
can be a serious problem. 

A further problem in triple quadrupole MS/MS is 
that it is very difficult except under the most favour- 

5 able conditions to distinguish in quadrupole Q3 be- 
tween daughter ions whose m/z differs by only one 
m/z unit. In addition, so far as is known, it has not been 
possible to distinguish in quadrupole Q3 between 
daughter ions whose m/z differ by less than one m/z 

10 unit The lack of adequate resolution has long been a 
problem, since It creates difficulty in interpreting the 
mass spectra. The difficulty increases when some of 
the ions are multiply charged, as is common for ions 
from organic molecules such as peptides and pro- 

15 teins. 

Accordingly, it is an object of the invention to pro- 
vide a method for achieving increased resolution in 
MS/MS. In one of its aspects the invention provides 
a method of analyzing Ions in which parent ions are 

20 directed into a collision cell containing a target gas 
and collide In said collision cell with said target gas to 
produce daughter ions from said parent ions, and in 
which said daughter ions are then directed into an 
analyzing mass spectrometer and analyzed by pro- 

25 ducing a mass spectrum thereof, and in which there 
is a DC circuit between said collision cell and said 
analyzing mass spectrometer, the improvement com- 
prising maintaining the target thickness of said target 
gas in said collision cell at least at substantially 1.32 

30 X 10*s m-2 maintaining a substantially constant DC 
voltage across said DC circuit during the productton 
of at least a substantial portion of said mass spec- 
frum, operating said analyzing mass spectrometer at 
a resolution at least equal to one m/z unit throughout 

35 said substantial portion of said mass spectrum, and 
producing said mass spectrum having a resolution of 
at least one m/z unit in at least said substantial por- 
tion. 

In a second aspect the present invention provides 

40 a method of analyzing ions, in which parent ions are 
directed into a collision cell containing a target gas 
and collide in said collision ceil with said target gas to 
produce daughter ions from said parent ions, and in 
which said daughter ions are then directed into an 

45 analyzing mass spectrometer and analyzed by pro- 
ducing a mass spectrum thereof, the improvement 
comprising maintaining the target thickness of said 
target gas in said collision cell at least at substantially 
3.30 X 10^5 cnrr2, operating said analyzing mass 

50 specfrometer at a resolution at least equal to unit re- 
solution throughout at least a substantial portion of 
said mass spectrum, and producing said mass spec- 
frum having a resolution of at least one m/z unit. 
In a third aspect the present invention provides a 

55 method of analyzing ions, in which parent ions are di- 
rected into a collision cell containing a target gas and 
collide in said collision cell with said target gas to pro- 
duce daughter ions from said parent ions, and in 



BNSDCX;iD: <EP 0567276A1J_> 



3 



EP 0 567 276 A1 



4 



which said daughter ions are then directed into an 
analyzing mass spectrorteter and analyzed by pro- 
ducing a mass spectrum thereof, the improvement 
comprising maintaining the target thickness of said 
target gas in said collision cell at least at substantially 
1.98 X 10^5 cm-2 operating said analyzing mass 
spectrometer with a CID ef feciency of at least 1 0 per- 
cent, and producing a said mass spectrum having 
peaks which are of a substantially constant peak 
width over at least a substantial portion of said mass 
spectrum. 

In a fourth aspect the present invention provides 
a method of analyzing ions, in which parent ions are 
directed into a collision cell containing a target gas 
and collide in said collision cell with said target gas to 
produce ions from said parent ions, and in which said 
daughter Ions are then directed into an analyzing 
mass spectrometer and analyzed by producing a 
mass spectrum thereof, the improvement comprising 
maintaining the target thickness of said target gas in 
said collision cell at a pressure sufficient to enable re- 
solution of isotopes of at least one doubly charged 
daughter ion, and operating said analyzing mass 
spectrometer with a resolution of at least 1/2 m/z unit 
over at least a substantial portion of said spectrum, 
and producing a mass spectrum which displays and 
resolves isotopes of said at least one doubly charged 
daughter ion. 

In the accompanying drawings: 

Fig. 1 is a diagrammatic view of a prior art triple 

quadrupole mass spectrometer; 

Fig. 2 is a view of bias voltages applied to parts 

of the mass spectrometer of Fig. 1 ; 

Fig. 2 A is a block diagram showing how the bias 

voltages of Fig. 2 are applied; 

Figs. 3 to 6 are mass spectra showing the effects 

of varying the DC rod offset voltage of spectronr>- 

eter Q3; 

Fig. 7 is a graph showing the ratio of daughter ion 
energy to parent ion energy versus the ratio of 
daughter ion mass to parent ton mass; 
Fig. 8 is a diagrammatic view showing a collision 
cell arranged to contain a higher pressure colli- 
sion gas; 

Figs. 9 to 17 are mass spectra showing the ef- 
fects of the invention; 

Fig. 18 is a chart showing variation of signal in- 
tensity with collision gas pressure; 
Fig. 1 9 shows four mass spectra taken at increas- 
ing collision gas pressure; 
Figs. 20 and 21 are plots showing CID efficiency 
and collection efficiency plotted against collision 
gas pressure for two substances; 
Fig. 22 is an end view of a prior art quadrupole rod 
set showing connectbns thereto; 
Fig. 23 shows the standard stability diagram for 
a quadrupole mass spectrometer. 
Fig. 24 is a mass spectrum made at relatively low 
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pressure in quadrupole Q2; 
Fig. 25 is a mass spectrum made at higher pres- 
sure in quadrupole Q2; and 
5 Fig. 28 shows the widths of selected peaks from 

Figs. 24 and 25. 

Reference is first made to Fig. 1 , which shows di- 
agrammatically a known triple quadrupole mass 
spectrometer 10 commercially sold by Sciex Division 

10 of MDS Health Group Limited, of Thornhill, Ontario, 
Canada under its trade mark API III. The mass spectr- 
ometer 10 has a conventional Ion source 12 which 
produces ions in an inlet chamber 14. The ions in 
chamber 14 are directed through an orifice 16, a gas 

15 curtain chamber 18 (as shown in U.S. patent 
4,1 37,750 issued February 6, 1979), a set of RF-only 
focusing rods 20, and then through first, second and 
third quadruples Q1 , Q2 and Q3 respectively. As Is 
conventional, Q1 and Q3 have both RF and DC ap- 

20 plied between their pairs of rods and act as mass fil- 
ters. Q2 is of open structure (formed from wires) and 
has RF only applied to Its rods. 

In first quadrupole Q1 desired parent ions are se- 
lected, by setting an appropriate magnitude and ratio 

25 of RF to DC on its rods. In second quadrupole Q2, gas 
from source 22 is sprayed across the rods 24 of quad- 
rupole Q2 to create a collision celt in which the parent 
ions entering Q2 are fragmented by collision with the 
added gas. Q3 serves as a mass analyzing device 

30 and is scanned to produce the desired mass spec- 
trum. Ions which pass through Q3 are detected at de- 
tector 26. The Ions impinging upon detector 26 are 
used to construct a mass spectrum, as is well known. 
The quadrupoles Q1, Q2, Q3 and the RF-only 

35 rods 20 are housed in a chamber 27 which is evacu- 
ated by a cryopump 28 having a cryosurface 29 en- 
circling rods 20 and another cryosurface 3d encir- 
cling Q2. It is noted that while Fig. 1 illustrates a typ- 
ical presently available commercial instrument which 

40 is competitive with other available triple quadrupole 
mass spectrometers, the details of construction can 
of course vary. For example conventional vacuum 
pumps can be used instead of cryopumps. 

Reference is next made to Fig. 2, which shows 

45 DC voltages plotted against position along the quad- 
rupoles Q1. Q2. Q3 of Fig. 1. In Fig. 2 it is assumed 
that the RF-only rods 20 (often called QO) are biased 
at 100 volts as shown at 31, that Q1 is biased at 90 
volts as shown at 32. and that 1 00 volts of collision en- 

50 ergy are desired (to fragment parent Ions adequately 
in Q2), so that Q2 is held at ground (i.e. no DC bias) 
as shown at 34. The energies E<j of daughter ions 
formed in Q2 are approximately related to the energy 
Ep of the parent ions by the equation 

55 Ed = (md/mp)Ep (1) 

where is the mass of the daughter ion and mp is 
the mass of the parent ion. Assuming a singly 
charged parent ion of 1 ,000 amu and a daughter ion 
of 450 amu, if Q3 had no DC offeet, the parent ion 

3 
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would pass through it with a l^inetic energy of 100 
electron volts (eV) and the daughter ion with kinetic 
energy of approximately 45eV, which is far too much 
for good resolution in Q3. Therefore, normally, a DC 
offset voltage 36 is applied to the rods of Q3 to pre- 
vent this. As is known, the DC offset voltage is a vol- 
tage which is applied between all of the rods of Q3 
and ground (as contrasted with the DC operating vol- 
tage, which is applied between one pair of rods of Q3 
and the other pair to make Q3 act as a mass filter). 

As shown in Fig. 2A, the DC bias or offset voltag- 
es for the quadrupole rods are typically supplied by 
DC sources VO, V1, V2, V3 respectively, which are 
part of the power supplies (not shown) for the mass 
spectrometer 1 0, and which are referenced to ground. 

In Fig. 2, by way of example, offeet voltage 36 (i.e. 
the DC potential difference between Q2 and Q3) Is 
shown as being 45 volts. One problem with this is that 
Ions from Q2 having energies less than 45eV (I.e. sin- 
gly charged ions of mass less than about 450 amu) 
will not be able to surmount the 45 volt potential hill 
In Q3 and will not reach the detector 26. 

To solve this problem and to produce better spec- 
tra, it has become common to ramp the DC offset vol- 
tage on Q3, i.e. to vary It with mass, as the spectrum 
Is produced. The results of this are shown in Figs. 3 
to 6, which show portions of four daughter ion mass 
spectra for p-xylene obtained by scanning the DC rod 
offset 36 of Q3 with the mass of Ions passing through 
Q3. The parent ion energy was 86eV in Q2. The spec- 
tra shown in Figs. 3 to 6 were published In an article 
entitled 'The Role of Kinetic Energy in Triple Quadru- 
pole Collision Induced Dissociation (CID) Experi- 
ments" by Shushan, Douglas, Davidson & Nacson ( In- 
ternational Journal of Mass Spectro- metry and Ion 
Physics , Volume 46, page 71, 1983). In Fig. 3, the rod 
offset voltage 36 was zero (no potential difference be- 
tween Q2 and Q3), and while the daughter ion Inten- 
sities were good (i.e. the detected signal was quite 
large), the resolution became progressively worse as 
the mass increased. This can be seen from the very 
broad peaks of curve 37 in Fig. 3, and the fact that the 
signal barely reaches the baseline 38. 

In Fig. 4 the DC offset voltage 36 on Q3 was held 
constant at 55 volts. While this provided good resolu- 
tion and sensitivity for the parent ion as indicated at 
40, few of the daughter bns were able to get past the 
"potential hill" on Q3 and nearly all the daughter ion 
intensity was lost. 

In Fig. 5 the DC offset voltage on Q3 was ramped 
linearly with mass as indicated by line 42 in Fig. 7 and 
suggested by equation (1). In Fig. 7 the ratb mass of 
daughter ions/mass parent ions is plotted on the hor- 
izontal axis; and the ratio of daughter ion energy to 
parent Ion energy (Ed/Ep) is plotted on the vertical 
axis. It will be seen from Fig. 5 that while good reso- 
lution and sensitivity for the parent ion were achieved 
as indicated at 44, again most of the daughter ion in- 



tensity was lost. This is because the actual daughter 
ion energies, as shown by curve 46 in Fig. 7, are less 
than those predicted by equation (1), so the daughter 

5 ions cannot climb the potential hill in Q3, i.e. the po- 
tential hill given by line 42 Is generally greater than 
the nominal daughter ion energies. 

In Fig. 6 the rod offset voltage 36 on Q3 was 
scanned proportionally to the measured energy of the 

10 fragments, as indicated by curve 46 in Fig. 7. This pre- 
served resolution and intensity throughout the mass 
range, as indicated by mass spectrum 48 in Fig. 6. 

Because of the results observed firom Figs. 3 to 
7, it has been common practice for some years for 

15 workers using MS/MS to ramp the rod offset voltage 
of Q3 in a manner proportional to the energy of the 
daughter ions. However since the energy of the 
daughter ions is not normally welt known (because 
equation (1) Is not accurate), knowing how to properly 

20 ramp the offset voltage in Q3 has always presented 
a difficult and time consuming problem. 

In addition, as the mass of the parent ion Increas- 
es, it becomes more difficult, even with ramping the 
DC offset on Q3, to achieve good resolution. Typical- 

25 ly, when the parent ion is heavier than 200 atomic 
mass units, good resolution on Q3 for daughter ions 
across the full spectrum becomes extremely difficult 
to achieve. It becomes nearly impossible to achieve 
when the parent ion is heavier than 400 amu. 

30 The inventors have now discovered a different 

approach to obtaining good resolution while retaining 
adequate intensity, and one which does not require 
ramping the DC offset voltage on Q3. With the ap- 
proach of the invention, the DC offset voltage on Q3 

35 can remain fixed. The invention finds its major appli- 
cations when t he mass of all or most of t he parent ions 
being studied exceeds at least 200 amu, and usually 
when such mass exceeds 400 amu. 

Specifically, the inventors have discovered that 

40 resolution can be increased by Increasing the pres- 
sure in the collision cell constituted by collision cell 
Q2, i.e. by increasing the "target thickness" in Q2. As 
is known, the target thickness is defined as the num- 
ber density of the gas in the collision cell Q2 multi- 

45 plied by the length of the collision cell. For a given 
length collision cell the target thickness is increased 
by increasing the pressure of the collision gas in the 
cell. It had previously been thought, by the inventors 
and others, that increasing the pressure in the colli- 

50 sion cell constituted by Q2 would cause unacceptable 
losses in ion intensities, because the energies of ions 
directed into the collision cell Q2 are so high that it 
was expected that fragments or daughter ions would 
scatter out of thespace between the rods in Q2. (Typ- 

55 ically the collision energy in Q2 is between 30 and 
200 electron volts.) 

However the inventors have now found that in- 
creasing the pressure in 02 does not in fact cause a 
substantial loss of ions. It has been found that in- 
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creasing the pressure in Q2 decreases the energy, 
and consequently the energy spread, of ions leaving 
Q2 and that this, and possibly other factors which are 
not presently fully understood but which result from 5 
the increased pressure in Q2, permit greatly tnrv 
proved resolution in Q3, and without any need to scan 
the rod offset for Q3. 

The pressure in collision cell Q2 may be in- 
creased by any conventional means. For example, as io 
shown in Fig. 8, the rods 24a (which can be solid) of 
Q2 can be housed in a shell or "can" 50 having en- 
trance and exit apertures 52, 54 and a cylindrical body 
55. Apertures 52, 54 are electrically isolated from 
each other and from the body 55. The pressure in is 
shell 50 may be controlled by changing the size of 
apertures 52, 54; the smaller these apertures are 
made, the higher will be the pressure in shell 50 for a 
given gas flow from source 22. Of course apertures 
52, 54 cannot be made too small since they must 20 
transmit the ion signal. The pressure can also be con- 
trolled by adjusting the amount of gas supplied from 
source 22. However the amount of gas used should 
preferably be minimized, consistent with obtaining 
the necessary higher pressure, since too much gas 25 
will load the vacuum pump used to evacuate the 
chamber 27 in which the mass spectrometers Q1 and 
Q3 are located, causing the pressure to rise In Q1 and 
Q3. 

In addition, the target thickness can be increased 30 
by increasing the length of shell 50 while maintaining 
the pressure in it constant. Since the energy of ions 
exiting shell 50 at aperture 54 is determined largely 
by the number of collisions which the ions incur, in- 
creasing the length of shell 50 will increase the num- 35 
ber of collisions. In the examples which follow, shell 
50 had a length of 20 cm and the collision gas was ar- 
gon. (Other collision gases, e.g. nitrogen, or mixtures 
of gases, may also be used.) The collision energy re- 
f rred to below is the laboratory collision energy, 40 
rather than the center of mass collision energy. 

Reference is next made to Fig. 9, which shows a 
mass spectrum obtained for the substance porcine 
renin substrate tetradecapeptide (Angiotensinogen 1- 
14), hereafter called renin substrate. The concentra- 4S 
tion of renin substrate was 2.0 x 1 0^ M (moles per li- 
tre). Renin substrate has a formula weight of 1757.0 
amu, and Fig. 9 shows the mass spectrum for daugh- 
ters of doubly protonated renin substrate (M + 2H'^, 
m/z » 880) in a m/z range 635 to 650. In Fig. 9 and in so 
all other spectra shown, the horizontal axis shows 
mass to charge ratio (nn/z), where the mass is in atonrv 
ic mass units and z is the number of electronic charg- 
es on the ion. The vertical axis shows relative inten- 
sity, the largest peak being 100%. Fig. 9 was con- 55 
structed from 100 scans each in steps of 0.1 m/z 
units, with 10 milliseconds dwell time at each step. 
The pressure used in shell 50 of collision cell Q2 was 
5 millftorr (1 millitorr = 0.133 Pascals), and the poten- 



tial difference between RF-only rods 20. i.e. QO, and 
Q2 was 30 volts. Because the par nt Ions of the renin 
substrate were doubly charged, the oollision energy 
was 60eV. The rod offset voltage on Q3 was fixed 
equal to that on 02, so that there was no potential hill 
to dimb for ions entering Q3. It appears, as will be 
seen from the results, that no potential hill was need- 
ed to slow down ions entering Q3, since the kinetic 
energies of ions entering 03 had already been greatiy 
reduced by collisions in 02. 

It wilt be seen that Fig. 9 contains three peaks 56, 
58 and 60. Peak 56 denotes a daughter of renin sut>- 
strate at about m/z 647.6. (The actual mass to charge 
ratios may differ slightiy from those observed, de- 
pending on the calibration of 03.) Peak 58 represents 
the same daughter of renin substrate at about m/z 
648.6. This second daughter has one of its carbon-1 2 
atoms replaced by a carbon- 13 atom, so that its mass 
is 1 amu higher than that indicated at peak 56. Simi> 
larly, peak 60 represents the same daughter of renin 
subsbrate as that represented by peak 56, but at about 
m/z 649.6, i.e. 2 amu higher than peak 56. This is be- 
cause the daughter at peak 60 has two of its carbon- 

12 atoms replaced by carbon-1 3 atoms. The higher 
mass isotope peaks also contain contributions from 
^^0, ^^H, and atoms. Thus, the method has been 
able to resolve the base ion and two isotopes of the 
daughter in question, an unusual achievement. 

It will also be seen that Fig. 9 includes four peaks 
61, 62, 64, 66, at about nVz 640.0, 640.5, 641.0 and 
641.5 respectively. These peaks represent doubly 
charged daughters of renin substrate. Again, peak 61 
represents doubly charged daughters with only car- 
bon-1 2 atoms; peak 62 indicates daughters with one 
C-13 atom, peak 64 indicates daughters with two C- 

13 atoms, and peak 66 represents daughters with 
three C-13 atoms. The higher mass isotopic peaks 
again contain contributions from ^^O, ^^N and 
atoms. Peaks 61, 62, 64, 66 are only 0.5 m/z units 
apart, but they have been resolved by the method of 
the invention, a remarkable achievement and one 
which, so far as is known, has never before been ach- 
ieved by triple quadrupole MS/MS. 

Fig. 9 was produced with Q3 adjusted for high re- 
solution. (As will be discussed in more detaO, the re- 
solution is adjusted in conventional manner by setting 
the ratio of RF and DC voltages applied between the 
pairs of rods of 03 to operate Q3 at a desired point in 
its stability diagram.) Reference is next made to Fig. 
1 0, which shows a similar scan for renin substrate, but 
with 03 set for "unit" resolution, i.e. only to resolve 
ions which are 1.0 unit apart on the m/z scale (one 
atomic mass unit for singly charged ions). Q3 was not 
set to resolve ions doser than 1 .0 m/z unit. In Fig. 10 
the scan was from m/z 600 to m/z 704, again using 
5.0 millitorr in Q2 and the same bias or offset voltag- 
es, it wfll be seen firom Fig. 10 that the two peaks 56, 
58 at about m/z 647.6 and 648.6 are resolved, but that 
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the third isotope at peak 60 was not seen to be re- 
solved due to the limited signal to noise ratio. In ad- 
dition, only one peak 68 appears at about m/z 640, in 
place of former separately resolved peaks 61 , 62, 64, 
66. Thus, in Fig. 10 one isotope of the singly charged 
fragments was resolved, butthe isotopes of the doub- 
ly charged fragments were not resolved. However the 
resolution in Fig. 10 was still quite good, as can be 
seen from the sharpness of the peaks and the excur- 
sions of the signal to the base line 38 between the 
peaks. 

Reference Is next made to Fig. 11, which shows 
a portion of a typical mass spectrum for renin sub- 
strate as produced by the commercial API III instru- 
ment discussed previously. The solution concentra- 
tion was 2.0 X M. as used previously. Here, the 
peak 68 at about m/z 640 (doubly charged) and a 
peak 70 representing daughter ions at about m/z 647 
(singly charged) were barely resolved, and the signal 
only briefly reaches the base line 38 between these 
two peaks. No isotopes at all were resolved. The sen- 
sitivity on peak 68 was about 1 ,000 Ions per second. 

Reference is next made to Fig. 12, which shows 
three portions of a mass spectrum for renin substrate, 
from m/z 408 to 456, 625 to 673, and 670 to 718. The 
parent ion in this case was triply protonated renin sub- 
strate (M + 3H^ m/z » 587). The difference in potential 
between QO and Q2 was 20 volts, giving 60eV parent 
ion energy. The Fig. 12 spectrum was produced from 
ten scans at a high resolution setting. Relative inten- 
sities of the detected signal are shown on the vertical 
axis (the relative intensity of the highest peak, not 
shown, being 100%). Again the rod offset of Q3 was 
set equal to that of Q2. Singly, doubly and triply 
charged Ions are indicated by +1, +2 and +3 respec- 
tively. 

It will be seen In Fig. 12 that the same peaks 56, 
58, 60 appear as in Fig. 9, resolving the daughters at 
about m/z 647.6. 648.6 and 649.6. In addition, in Fig. 
12 the four peaks 61, 62, 64, 66 for the doubly 
charged ions (which peaks are 1/2 m/z unit apart) are 
also resolved. Further, the doubly charged peaks 75, 
76, 77, 78 at just above m/z 694 are also resolved. 

In Fig. 12. it will also be seen that peaks 72. 73, 
74 at just over m/z 426 are also resolved. The frag- 
ment or daughter ions indicated by these peaks are 
triply charged, so that peaks 72, 73, 74 are only 1/3 
m/z unit apart (again largely because of carbon iso- 
topes). This is a highly significant result, since if the 
peaks cannot be resolved, then the charge state of 
the fragments in question cannot readily be deter- 
mined, and th n masses cannot readily be assigned 
(since the mass spectrometer determines only mass 
to charge ratio). Without resolution of these peaks, 
there will be ambiguity as to whether the daughter ion 
in question is a triply charged higher mass or a doubly 
charged lower mass, or a singly charged even lower 
mass. 



With the invention, if the isotope peaks are 0.5 
m/z unit apart, then the ion in question is likely to be 
a doubly charged ion. If the isotope peaks are 1 /3 m/z 

5 unit apart, then the ion is likely to be triply charged. 
When the charge state is known, masses can be as- 
signed and the analysis becomes much simplified 
and far more accurate. It is expected that even higher 
resolutbn (I.e. less than 1/3 n\/z unit) can be ob- 

10 tained. 

It is found with the present invention that not only 
is the resolution greatly increased, but in addition the 
sensitivity (i.e. the number of ions per second count- 
ed at the detector 26) is generally not seriously de- 

15 graded and can in fact, in some cases, actually be in- 
creased. This contrasts with the normal "trade-off 
experience, in which when the resolution Is in- 
creased, the sensitivity is usually decreased and vice 
versa. 

20 Reference is next made to Figs. 13 to 19 inclu- 

sive, which show MS/MS spectra of renin substrate 
m/z 880++ to m/z 640++ and demonstrate the sensi- 
tivities achieved with high and low pressure collision 
cells. In each case the collision energy was optimized 

25 for maximum fragment intensity at m/z 640++. In the 
following discussion, "high resolution" means that Q3 
was set to resolve masses at least as close together 
as V2 m/z unit (as in Fig. 9). "Unit resolution" means 
that Q3 was set to resolve at least masses 1 m/z apart 

30 (as in Fig. 10). The results were as follows. 

Fig. 1 3 was made at low pressure (5x10-^ Torr), 
with the RF to DC ratio the same as that used for Fig. 
1 0, i.e. a ratio which would have given unit resolution 
had the pressure in Q2 been suff icientiy high. The po- 

35 tential difference between RF-only rods 20 and Q2 
was 100 volts, resulting in 200eV of collision energy 
(for doubly charged parent ions). The maximum inten- 
sity achieved at peak 80 (for m/z 640++) was 2.3 x 1 0^ 
counts per second. The offset voltage between Q3 

40 and Q2 was zero. The peak was very broad and poor- 
ly resolved. 

Fig 14 was made using a higher pressure (5 mil- 
litorr), high resolution, and a 40 volt potential differ- 
ence resulting In 80ev of collision energy. The offset 

45 between Q3 and Q2 was minus one volt (Q3 was one 
volt less than Q2). This resulted in a peak 82 at about 
m/z 640++ of 17.4 x 10^ counts per second, i.e. not 
only was the resolution much higher than for Fig. 1 3, 
but in addition the sensitivity was nearly eight times 

50 higher. 

Fig. 15 was made using unit resolution, 5 millitorr 
in Q2, and a 40 volt potential difference resulting in 
80ev collision energy. The offset between Q3 and Q2 
was again minus one volt. This produced a peak 84 

55 at m/z 640++ of about 61 .6 x 1 0^ counts per second, 
or more than three times that achieved for Fig. 14. 
However the difference in resolution was clearly visi- 
ble, although peak 84 was still narrower than peak 
80. 
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Fig. 16 was made using 7 millitorr In Q2, unit re- 
solution, and a 45 volt potential difference resulting in 
gOeV collision energy. The offset between Q3 and Q2 
was -1 volt This resulted in a peak 86 for m/z 640-i"i' 
of 150 X 10^ counts per second, or more than twice 
that of Fig. 15, but again with only unit resolution. This 
was about 1 50 times better than the API III instrument 
described previously. 

Fig. 17 was made using 7 millitorr in Q2, high re- 
solution setting, and a 45 volt potential difference re- 
sulting in 90eV collision energy. The offset between 
Q3 and Q2 was -1 volt Here, the sensitivity at peak 
88 (for m/z 640++) was 17.2 x 10^ counts per second, 
or about the same as that achieved for Fig. 14, with 
about the same resolution. 

The increase In sensitivity (i.e. signal) with pres- 
sure may vary depending on the substance being 
analyzed. For renin substrate, doubly charged parent 
ion m/z 880++, reference Is next made to Fig. 18, 
which shows the variation in sensitivity (for daughter 
ion m/z 640-I-+) on the vertical axis (in units of 1 0,000 
counts per second) with collision gas pressure in Q2 
in millitorr on the horizontal axis. The coliision energy 
at 0.5 millitorr was 200eV, at 5.4 millitorr was 80eV, 
and at all other observation points was lOOeV. Fig. 18 
shows two curves, 90 and 92, for unit and high reso- 
lutions respectively. It will be seen that in both cases, 
the sensitivity continues to increase as the pressure 
is increased up to 23 millitorr. For unit resolution the 
s nsitivity increase from 0.5 to 23 millitorr was about 
130 times, and for high resolution the sensitivity in- 
crease was about 87 times. 

Reference is next made to Figs. 19A to 19D, 
which show mass spectra for renin substrate m/z 
880'i-+ (doubly charged parent ion) for various pres- 
sures and resolutions. These figures were all made 
with high resolution settings in Q3. and with the DC 
offset voltage on Q3 set at 0 volts in Fig. 19A and -1 
volt inFigs.19Bto1 9D. Fig . 1 9A shows a mass spec- 
trum made with 1 millitorr in Q2; Fig. 19B shows a 
mass spectrum made with 5 millitorr in Q2; 
Fig. 19C shows a mass spectrum made with 10.1 mil- 
litorr in Q2, and Fig. 190 shows a mass spectrum 
made with 20 millitorr in Q2. In all cases the relative 
intensity (i.e. the size of the peaks displayed as com- 
pared with that of the highest peak) is shown on the 
vertical axis. It will be seen that in Fig. 19A, the peak 
94 at about m/z 640 (for doubly charged fragments) 
was broad and poorly resolved. In Fig. 19B, at 5 mil- 
litorr, the resolution improved considerably, as shown 
by peaks 96. As the pressure increased, peaks 98 and 
100 in Figs. 19C and 19D show that the resolution 
continued to increase. 

A further measure of the effectiveness of the in- 
vention is the collision induced dissociation efficiency 
("CID efficiency"), and the collection efficiency. The 
CID efficiency is the ratio: the sum of all daughter 
ions measured at detector 26, dhnded by the sum of 



all parent ions measured at detector 26 with no colli- 
sion gas present in Q2, with only Q1 resolving but 
with the voltages in the ion optics set for MS/MS. The 

5 CID efficiency is usually quite low. The collection ef- 
ficiency is the ratio: total ions measured at detector 26 
(daughters plus parents), divided by the sum of all 
parent ions measured at detector 26 with no collision 
gas present in Q2, with only Q1 resolving but with the 

10 voltages on the ion optics set for MS/MS. 

Fig. 20A shows the CID efficiency for reserpine 
609.7+ at unit resolution (curve 102) and high resolu- 
tion (curve 104). The collision energies ranged from 
iOOeV at 0.5 millitorr to 35eV at 5 millitorr and higher 

IS pressures and were selected to optimize the fragment 
ion signal at about m/z 195. The DC offset voltage on 
Q3 was 0 volts at 5 x 10-* torr and 1 x 10-^ torr and 
was minus 1 volt at all other pressures, it will be seen 
that at unit resolution the CID efficiency increases 

20 (curve 102) until about 5 millitorr is reached, and then 
decreases gradually. At high resolution (curve 104) a 
similar result occurs, although at lower levels of CID 
efficiency. 

The collection efficiency is shown in Fig. 20B at 
25 curve 106 for unit resolution and at curve 108 for high 
resolution and is similar to the CID efficiency, except 
that it will be seen that as the pressure increases to 
about 2 millitorr, the collection efficiency drops and 
then begins to rise as the pressure continues to in- 
30 crease. The collection efficiency peaks at about 5 mil- 
litorr and then drops, but relatively gradually. 

Figs. 21 A and 21 B show the same curves as in 
F^s. 20Aand 208, but for renin substrate nn/z 880++. 
The collision energies ranged from 200eV at 0.5 mil- 
35 litorr to 70eV at 5 millitorr and higher pressures and 
were selected to optimize the fragment ion signal at 
about m/z 640. The DC offset voltage on Q3 was 0 
volts at 5 x 10^ torr and 1 x 10-^ torr and was minus 

1 volt at all other pressures. In Fig. 21 A it will be seen 
40 from curves 110, 112 (unit resolution and high reso- 
lution respectively) that the CID efficiency drops 
slightly as the pressure increases to about 2 millitorr, 
and then continues to increase as the pressure Is in- 
creased to 20 millitorr. The same result occurs for col- 

45 lection efficiency, shown by curves 114, 116 in Fig. 
21 B. This indicates, as shown by the previous results, 
that the daughter ion yields at high pressure remain 
relatively high and in some cases may even increase 
with pressure. 

50 In general, it is believed that the minimum pres- 

sure in a 20 cm collision cell for Q2 should be at least 

2 millitorr, but at least 5 millitorr is preferred, and at 
least 7 millitorr can in some cases produce better re- 
sults. It wOl be seen that the pressure can be in- 

55 creased to beyond 20 millitorr with good results. 

The pressures given above are at about 20**C. It 
is preferable to express the target thickness S in non 
temperature dependent terms, i.e. in terms of the 
number density of the collision gas in the coliision cell 
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Q2 multiplied by the length of cell Q2. The relation be- 
tween pressure and number density is linear (1 milli- 
torr = 3.3 X 1 ^3 molecules (or atoms) cm-^, 1 0 millitorr 
= 3.3 X 10^* molecules (or atoms) cnrr^, ail at 20°C). 

Therefore, expressed in these terms, the mini- 
mum target thicl<ness S should be at least 6.6 x 10^3 
X 20 cm = 1.32 x 10^5 cm-2 (the term "molecules" or 
"atoms" in this expression Is understood), corre- 
sponding to 2 millitorr at 20°C. Preferably the target 
thickness is at least 3.30 x 10^5 cm-2 (corresponding 
to 5 millitorr at 20°C). It can in some cases be at least 
4.62 X 10^5 cm-2 (7 millitorr at 20*'C), and can go be- 
yond 1.32 X 10« cm-2 (20 millitorr at 20°C). 

As discussed, an important aspect of the inven- 
tion is that it enables unusually good resolution in Q3, 
i.e. peaks closely adjacent In m/z can be distinguish- 
ed from each other. Preferably Q3 is operated to ach- 
ieve at least unit resolution (in which adjacent peaks 
1 amu apart can be distinguished), and more prefer- 
ably Q3 is operated to achieve better than unit reso- 
lution, so that closer peaks (e.g. 0.5 m/z units or 0.33 
m/z units apart or even doser) can be distinguished. 
It is noted that resolution can be defined in terms of 
the ratio of the height of the valley between the two 
peaks to be resolved, divided by the height of the 
smaller peak. Ifthe valley is 100% of the height ofthe 
smaller peak, the peaks cannot normally be resolved. 
If the valley is 90% of the height of the smaller peak, 
the peaks can usually readily be resolved. Therefore 
unit resolution (for example) can also be defined as 
that resolution where the heightof the valley between 
two adjacent peaks 1 m/z unit apart does not exceed 
about 90% of the height of the smaller peak. 

Although the resolution of Q3 will frequently be 
set to greater than unit resolution, in some cases the 
resolution may not be as important as high sensitivity. 
In that case, and as shown in Figs. 20Aand21A, it will 
b seen that where Q3 is set to unit resolution, the 
CID efficiency above pressures of 3 millitorr (target 
thickness 1 .98 x 1 0^^ cm-2) is at least about 1 0%, and 
increases to more than 20% at pressures above 5 mil- 
litorr (target thickness 3.30 x 10^5 cm-2). These rela- 
tively high CID efficiencies have previously been ach- 
ieved in Q3 at high parent Ion masses (e.g. above 200 
amu) only at resolutions much worse than unit reso- 
lution if at all. 

While Q2 has been described as quadrupole col- 
lision cell, other multipoles, e.g. hexapoles and octo- 
poles. can be used. Further, other types of mass 
spectrometers, e.g. a magnetic sector or a high reso- 
lution electric and magnetic sector, or an ion trap, can 
be used instead of quadrupoles Q1 and/or Q3. 

Since repeated references have been made to 
setting the resolution of Q3, a brief discussion of how 
the resolution is actually set follows, although this is 
well known in the field. As shown in Fig. 22, a quad- 
rupole has four rods 120a, 120b, 122a, 122b. Rods 
120a, 120b are connected to each other, as are rods 



122a, 122b. RF and DC voltages are applied between 
the pairs of rods from sources 124, 126 respectively. 
As ions move through the space 128 between 

5 the rods, they t nd to oscillate laterally under the in- 
fluence ofthe applied fields, ions having m/z ratios 
In a selected range are able to pass through the rods; 
ions outside this m/z range oscillate out, strike the 
rods, and do not pass through. The standard stability 

10 diagram for quadrupole mass spectrometers is 
shown in Fig. 23, where "a" and "q" are plotted on the 
y and x axis respectively. As is well known, 

a = 8eU 
mn2ro2 

15 and 

_ 4e V 
^ " mfi2ro2 

where U is the DC amplitude; V is the RF amplitude; 
e Is the charge on the ion; m is its mass, Q is the RF 

20 frequency, and r© is the inscribed radius of the rod set. 
Ions in the region indicated at 130 (bounded by lines 
130-1, 130-2 and the q axis) are stable and will pass 
through the rod set; other ions are unstable and will 
not pass through. 

25 A typical scan line is shown at 132 in Fig. 23. 

Masses mi, m2 and ma represent ions of increasing 
mass. Only ion m2 is In the stable region 1 30 so only 
this ion will be detected. 

Two further scan lines 134, 136 are shown in Fig. 

30 23. It will be seen that since scan line 134 has a sub- 
stantial length inside the stable region 130, ions of a 
wide range of masses will be transmitted on this scan 
line, and the resolution will be poor (but the ion signal 
transmitted will be relatively high). For scan line 132, 

35 the resolution will be better, since a much smaller 
range of masses is transmitted. For scan line 136, 
which intersects the stability region at its tip, only a 
very narrow range of masses will be transmitted, so 
the resolution will be high. However normally the ion 

40 signal intensity would be very low. 

Since Q and ro are fixed, a desired scan line, i.e. 
a desired resolution, can be chosen simply by setting 
the required values for the RF and DC voltage ampli- 
tudes U and v. As discussed, for high resolution (bet- 

45 ter than one amu), a scan line near the peak of the 
stable region 130 is selected. With the invention, this 
results usually in better high resolution and relatively 
high bn intensity. Alternatively, the CID efficiency 
can be selected by selecting a scan line which creates 

50 the desired efficiency at a given target thickness. 
With the Invention, it is usually possible to have a rel- 
atively high CID efficiency (e.g. 10%) and still have 
relatively good resolution, depending on the pressure 
(target thickness) selected, yet without ramping the 

55 offset voltage on Q3. Normally, the offset voltage on 
Q3 will be fixed, or substantially fixed, for at least a 
substantial part (e.g. V2 or more) ofthe spectrum, pre- 
ferably the entire spectrum, and will normally be of 
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relatively low value. Usually It will not exceed about 5 
volts DC in absolute value. 

It is also noted that without rannping the offset 
voltage on Q3, the same resolution can nevertheless 
be achieved for higher mass peaks as for lower mass 
peaks, for daughter Ions having the same charge. In 
other words, the peak widths (in m/z units), measured 
at the same fractk>n of the peak height, are substan- 
tially the same for all masses of daughter ions having 
the same charge. 

By way of example, reference is made to Figs. 24 
to 26. Figs. 24 and 25 show mass spectra from m/z 
10 to 1,400 for renin substrate m/z BSO++ parent ion. 
For Fig. 24, the pressure in 02 was 0.47 millitorr, 
while for Fig. 25, the pressure in Q2 was 2.8 millitorr. 
For Fig. 24, the DC offset voltage on Q3 was 0 volts, 
while for Fig. 25, it was -0.5 volts. 

It will be seen in Fig. 24 that the peak widths are 
relatively narrow in the lower mass part of the range 
but become broader in the higher mass part of the 
spectrum. It will be seen that In Fig. 25, the peaks ap- 
pear to be more constant in width throughout the en- 
tire spectrum. This is illustrated in more detail in Fig. 
26, in which the following peaks from Figs. 24 and 25 
are shown enlarged: peaks 150a, 150b at about m/z 
110; peaks 152a, 152b at about m/z 392; peaks 154a, 
154b at about m/z 783; and peaks 156a, 156b at 
about m/z 999. All the peaks are normalized to the 
same height in Fig. 26, and the width of each peak (in 
m/z units) at half its height is marked on the drawing. 
The widths of peaks 150a to 156a vary from about 
1.15 m/z units (at about m/z 110) to about 2.3 m/z 
units (at about m/z 999), i.e. the width increases with 
mass and the variation in widths Is about 1.15 m/z 
units. The widths of peaks 150b to 1 56b vary by only 
about 0.39 m/z units; this variation was evidently 
largely because of slight non-linearities in the quad- 
rupole power supply. The widths of the peaks 150b 
to 1 56b do not Increase with increasing m/z. In gen- 
eral, the variations in width tend to decrease as the 
pressure in Q2 increases above about 2.8 to 3 milli- 
torr. It is considered that a variatton in width of about 
± 0.25 m/z units on each side of the centre of the peak 
(total variation in width 0.5 m/z units) is for most prac- 
tical purposes a substantially constant peak width. It 
is expected that with a more linear quadrupole power 
supply, the peak widths would be constant to within 
±0.1 m/z units. 

While preferred embodiments of the invention 
have been described, it will be realized that various 
changes can be made. 



Claims 

1. In a method of analyzing ions, in which parent 
ions are directed into a collision ceil containing a 
target gas and collide in said collisk>n cell with 



said target gas to produce daughter ions from 
said parent ions, and in which said daughter ions 
are then directed into an analyzing mass spectr- 

5 ometer and analyzed by producing a mass spec- 

trum thereof, and in which there is a DC circuit 
between said collision cell and said analyzing 
mass spectrometer, the improvement comprising 
maintaining the target thickness of said target 

10 gas in said collision cell at least at substantially 

1 .32 X 10^5 cm-2, maintaining a substantially con- 
stant DC voltage across said DC circuit during the 
production of at least a substantial portion of said 
mass spectrum, operating said analyzing mass 

f5 spectrometer at a resolution at least equal to one 

m/z unit throughout said substantial portion of 
said mass spectrum, and producing said mass 
spectrum having a resolution of at least one m/z 
unit in at least said substantial portion. 

20 

2. The method according to claim 1 wherein the tar- 
get thickness of said target gas in said collision 
cell is at least substantially 1.98 X lO^^cnrr^. 

25 3. The method according to daim 1 wherein the tar- 
get thickness of said target gas in said collision 
cell is at least substantially 3.30 X 10^^ cnrr^. 

4. The method according to claim 1 wherein the tar- 
30 get thickness of said target gas in said collision 

cell is at least substantially 4.62 X 10^^ cnrr^. 

5. The method according to daim 1 and induding 
the steps of directing said parent ions, before 

35 they enter said collision cell, through a first mass 

spectrometer and operating said first mass 
spectrometer as a mass filter for only parent ions 
in a selected mass to charge range to be trans- 
mitted into said collision cell. 

40 

6. The method according to any of daims 1 to 5 and 
including the step of operating said analyzing 
mass spectrometer to produce said mass spec- 
trum with a resolution of at least 1/2 m/z unit In 

45 at least said substantial portion of said spectrum. 

7. The method according to any of daims 1 to 5 and 
induding the step of operating said analyzing 
mass spectrometer to produce said mass spec- 

50 trum with a resolution of at least 1/3 m/z unit in 

at least said substantial portion. 

8. The method according to any of daims 1 to 5 and 
including the steps of operating said analyzing 

55 mass spectrometer with a resolution of at least 

1/2 m/z unit, and producing a mass spectrum 
which in at least said substantial portion displays 
and resolves isotopes of at least one doubly 
charged daughter bn. 
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9- The method according to any of claims 1 to 5 and 
including the steps of operating said analyzing 
mass spectrometer with a resolution of at least 
1/3 m/z unit throughout said substantial portion of 
said spectrum, and producing a mass spectrum 
which displays and resolves isotopes of at least 
one triply charged daughter ion. 

10. The method according to any of claims 1 to 5 
wherein at least a substantial number of said par- 
ent ions have masses greater than 200 atomic 
mass units. 

11. The method according to any of claims 1 to 5 
wherein at least a substantial number of said par- 
ent ions have masses greater than 400 atomic 
mass units. 

12. The method according to any of claims 1 to 5 in 
which said DC voltage does not exceed about 5 
volts. 

13. In a method of analyzing ions, in which parent 
ions are directed Into a collision cell containing a 
target gas and collide in said collision cell with 
said target gas to produce daughter ions from 
said parent Ions, and in which said daughter Ions 
are then directed into an analyzing mass spectr- 
ometer and analyzed by producing a mass spec- 
trum thereof, the improvement comprising main- 
taining the target thickness of said target gas in 
said collision cell at least at substantially 3.30 x 
10^^ cm-^, operating said analyzing mass spectr- 
ometer at a resolution at least equal to unit reso- 
lution throughout at least a substantial portion of 
said mass spectrum, and producing said mass 
spectrum having a resolution of at least one m/z 
unit. 

14. The method according to claim 13 wherein the 
target thickness of said target gas in said collision 
cell is at least substantially 4.62 X lO^^ cm-2. 

15. The method according to claim 13 wherein at 
least a substantial number of said parent ions 
have masses greater than 200 atomic mass 
units. 

16. The method according to claim 13 wherein at 
least a substantial number of said parent ions 
have masses greater than 400 atomic mass 
units. 

17. The method according to claim 13, 14, 15 or 16 
wherein there is a DC circuit between said colli- 
sion cell and said analyzing mass spectrometer, 
said method including the step of maintaining a 
substantially constant DC voltage across said DC 
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circuit during the production of said substantial 
portion of said mass spectrum. 

18. The method according to claim 13 and Including 
the steps of directing said parent ions, before 
they enter said collision cell, through a first mass 
spectrometer and operating said first mass 
spectrometer as a mass filter for only parent ions 
in a selected mass to charge range to be trans- 
mitted into said collision cell. 

19. The method according to daim 18 wherein sub- 
stantially all said parent ions have a mass greater 
than 200 atomic mass units. 

20. The method according to claim 18 wherein sub- 
stantially all said parent ions have a mass greater 
than 400 atomic mass units. 

21. The method according to any of claims 13, 14, 15 
or 16 wherein there is a DC circuit between said 
collision cell and said analyzing mass spectrom- 
eter, and including the step of maintaining a sub- 
stantially constant DC voltage across said DC cir- 
cuit during the production of at least said substan- 
tial portion of said mass spectrum, said DC vol- 
tage being not greater than about 5 volts. 

22. In a method of analyzing ions, in which parent 
ions are directed into a collision cell containing a 
target gas and collide In said collision cell with 
said target gas to produce daughter Ions from 
said parent ions, and in which said daughter ions 
are then directed into an analyzing mass spectr- 
ometer and analyzed by producing a mass spec- 
trum thereof, the Improvement comprising main- 
taining the target thickness of said target gas in 
said collision cell at least at substantially 1.98 x 
10^5 cmr2 operating said analyzing mass spectr- 
ometer with a CID efficiency of at least 10 per- 
cent, and producing a said mass spectrum having 
peaks which are of a substantially constant peak 
width over at least a substantial portion of said 
mass spectrum. 



23. The method according to claim 22 and including 
the step of maintaining the target thickness of 
said target gas in said collision cell at least at sub- 
so stantially 3.30 X lO^s cnrr2 

24. The method according to claim 22 and including 
the step of maintaining the target thickness of 
said target gas In said collision cell at least at sub- 

55 stantially 4.62 X lO^s cm-2 

25. The method according to daim 22 wherein at 
least a substantial portion of said parent ions 
have masses at least as great as 200 atomic 
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mass units. 

26. The method according to daim 22 wherein at 
least a sut>stantial portion of said parent ions 5 
have masses at least as great as 400 atomic 
mass units. 

27. The method according to any of claims 22 to 26 

and in which there is a DC circuit between said io 
collision cell and said analyzing mass spectrom- 
eter, and including the step of maintaining a sub- 
stantially constant DC voltage across said DC cir- 
cuit during the production of atleastsald substan- 
tial portion of said mass spectrum. 

28. The method according to any of claims 22 to 26 
wherein said peak widths are constant to within 
±0.25 m/z units. 

29. The method according to any of claims 22 to 26 
wherein said peak widths are constant to within 
±0.1 m/z units. 

30. In a method of analyzing tons, in which parent 25 
ions are directed into a collision celt containing a 
target gas and collide in said collision cell with 

said target gas to produce daughter ions from 
said parent Ions, and in which said daughter ions 
are then directed into an analyzing mass spectr- 30 
ometer and analyzed by producing a mass spec- 
trum thereof, the Improvement comprising main- 
taining the target thickness of said target gas in 
said collision cell at a pressure sufficient to en- 
able resolution of isotopes of at least one doubly 36 
charged daughter ion, and operating said analyz- 
ing mass spectrometer with a resolution of at 
least 1/2 m/z unit over at least a substantial por- 
tion of said spectrum, and producing a mass 
spectrum which displays and resolves isotopes of 40 
said at least one doubly charged daughter ion. 

31. The method acccrding to dalm 30 wherein said 
resolution is at least 1/3 m/z unit and said mass 
spectrum displays and resolves isotopes of at 45 
least one triply charged daughter ion. 



34. The method according to daim 30 or 31 wherein 
at least a substantial portion of said parent ions 
have masses at least equal to 400 atomic mass 
units. 

35. The method according to daim 30 or 31 and in 
which there is a DC circuit between said collision 
ceil and said analyzing mass spectrometer, and 
including the step of maintaining a substantially 
constant DC voltage across said DC circuit during 
production of at least a substantial portion of said 
mass spectrum, said DC voltage being not great- 
er than about 5 volts, and in which substantially 
all said parent ions have masses greater than 200 
atomic mass units. 

36. The method according to daim 30 or 31 and in 
which there Is a DC circuit between said collision 
cell and said analyzing mass spectrometer, and 
including the step of maintaining a substantially 
constant DC voltage across said DC circuit during 
production of at least a substantial portion of said 
mass spectrum, said DC voltage being not great- 
er than about 5 volts, and in which substantially 
all said parent ions have masses greater than 400 
atomic mass units. 



32. The method according to daim 30 or 31 and in 
which there is a DC circuit between said collision 
cell and said analyzing mass spectrometer, and 
induding the step of maintaining a substantially 
constant DC voltage across said DC circuit during 
production of at least said substantial portion. 

33. The method according to daim 30 or 31 wherein 
at least a substantial portion of said parent ions 
have masses at least equal to 200 atomic mass 
units. 
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